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genotype of B. anthracis in Italy. The MLVA with 31 VNTRs analysis, demonstrated 55
different genotypes circulating in Italy. Most of them were genetically very similar to
each other, confirming the hypothesis that all of them are the result of the evolution of a
local common ancestral strain, except for two genotypes belonging to the branch A.Br.
005/006 and B. Br. CNEVA respectively. The genotyping analysis with methods such
as CanSNPs and MLVA, remains a very valuable tool for studying the diversity,
evolution, and molecular epidemiology of B. anthracis.
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Abstract 25 

In Italy, anthrax is considered an endemic disease and almost every year a few outbreaks occur. In 26 

this survey, 234 B. anthracis strains from animals (n=196), humans (n=3) and the environment 27 

(n=35) isolated during Italian outbreaks from 1972 to 2018 have been analyzed. Despite the great 28 

genetic homogeneity of this bacterium, the canonical single nucleotide polymorphisms assay 29 

(CanSNPs) and the multiple-locus variable-number tandem repeat analysis (MLVA) have resulted 30 

to be highly effective to differentiate strains. The phylogenetic identity was determined through the 31 

research of polymorphisms for CanSNPs, with a set of 14 SNPs, while a 31-loci MLVA assay was 32 

performed to determine B. anthracis genotypes. The analysis of 14 CanSNPs, allowed to identify 33 

four main lineages: A.Br.011/009, A.Br. 008/011 (respectively belonging to A.Br. 008/009 sub-34 

lineage, also known Trans-Eurasian or TEA group), A.Br. 005/006 and B. Br. CNEVA. The lineage 35 

A major subgroup A.Br.011/009 represents the major genotype of B. anthracis in Italy. The MLVA 36 

with 31 VNTRs analysis, demonstrated 55 different genotypes circulating in Italy. Most of them 37 

were genetically very similar to each other, confirming the hypothesis that all of them are the result 38 

of the evolution of a local common ancestral strain, except for two genotypes belonging to the 39 

branch A.Br. 005/006 and B. Br. CNEVA respectively. The genotyping analysis with methods such 40 

as CanSNPs and MLVA, remains a very valuable tool for studying the diversity, evolution, and 41 

molecular epidemiology of B. anthracis.  42 

 43 

 44 

 45 

 46 

 47 
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Introduction 48 

Anthrax is a non-contagious infectious disease that affects a wide range of animal species including 49 

humans. Bacillus anthracis, the etiological agent of anthrax, forms long-lasting, highly resistant 50 

spores able to persist into environment for several decades [1]. Domestic and wild ruminants 51 

represent the most susceptible species [2]. 52 

Animals are infected during grazing in area contaminated with anthrax spores, while humans can 53 

contract the disease by contact with anthrax-infected animals or anthrax-contaminated animal 54 

products [3]. Three types of human anthrax occur, depending of exposure: cutaneous, which is 55 

usually non-fatal, gastrointestinal and inhalational which are both fatal [4]. Recently, a further fatal 56 

form was reported in drug users who have injected drugs contaminated with anthrax spores [5]. Since 57 

it is relatively easy and inexpensive to obtain, B. anthracis is one of the preferred pathogenic agents 58 

for use as bacteriological weapon in bio-terrorist attacks [6]. 59 

Usually in Italy, anthrax is a sporadic disease occurring particularly during the summer with a few 60 

exceptions, in the central and southern regions and in the major islands, where it almost exclusively 61 

affects animals at pasture [7].The risk of humans contracting anthrax is related to many factors, first 62 

of all the origin of the infection in the animal outbreak. From 1972 until 2018, about 200 outbreaks 63 

of animal anthrax were recorded (unpublished data). Rarely, however, anthrax occurs as epidemic-64 

like disease, characterized by outbreaks involving a very limited area and a large number of 65 

animals. In Italy, where anthrax is hypo-enzootic, two major epidemic-like anthrax outbreaks 66 

occurred: during the summer of 2004 in Basilicata and during the summer 2011, in an area between 67 

Basilicata and Campania [8, 9]. 68 

Molecular tools, such as the canonical SNPs assay (CanSNPs) and multiple-locus variable-number 69 

tandem repeat analysis (MLVA), have proved to be highly effective to differentiate strains. In this 70 

study SNP analysis has been used to illustrate the phylogenetic relationship between B. anthracis 71 

strains and the 31-loci MLVA assay was performed to genotype B. anthracis isolates in order to 72 
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Inappropriate reference for the persistence of  B. anthracis in the environment. This reference pertains to injectional anthrax

Cross-Out
on exposure

Cross-Out
can be fatal

Highlight
fragmentary statement... needs to be revised. Are you trying to say that the primary cause of human infection is livestock outbreaks?



4 
 

examine relationships among the Italian anthrax outbreaks and to assess the diversity of B. 73 

anthracis isolates related to regional and global scale. 74 

Materials and Methods 75 

Ethics statement 76 

The animal and environmental strains used in this study were isolated by the Anthrax Reference 77 

Institute of Italy (Ce.R.N.A.). The Ce.R.N.A. is a public laboratory, mandated by the Italian Ministry 78 

of Health to confirm diagnosis of all animal anthrax cases in Italy. During outbreaks, samples are 79 

taken by the veterinary services of the Ministry of Health. Specific permission for soil sampling was 80 

not required. Human DNAs were also included in this study, and were received by the National 81 

Institute for Infectious Disease “L. Spallanzani” [10]. 82 

 83 

Bacterial Strains 84 

A collection of 234 B. anthracis strains, including 196 isolated from animal species, 3 from humans 85 

and 35 from environment, isolated during Italian outbreaks from 1972 to 2018, were analyzed in this 86 

study as shown in Table 1. 87 

 88 

Table 1. Summary of B. anthracis isolates from 1972 to 2018 analyzed in this study. 89 

Sample type Source No. of isolates 

Environmental samples Water 3 

  Soil 32 

Animal samples Bovine 101 

 

Caprine 20 

 

Deer 7 

 

Equine 12 

 

Ovine 53 
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Swine 3 

Human samples Human 3 

 90 

DNA Extraction 91 

Each B. anthracis strains was seeded on 5% sheep blood agar plates and then incubated at +37°C for 92 

24 hours. Microbial DNA was extracted using the DNAeasy Blood and Tissue kit (Qiagen, USA) 93 

following the protocol for Gram-positive bacteria. All the manipulations of B. anthracis strains were 94 

performed in a biosafety level 3 laboratory using class II type A 2 biosafety cabinet. 95 

 96 

Real Time PCR assay  97 

B. anthracis molecular identification was carried out by PCR using anthrax specific primers for the 98 

sequences located on plasmids pXO1 and pXO2 and primers specific for the chromosome [11]. 99 

 100 

CanSNP analysis 101 

The canSNP profiles were obtained, using 13 allelic discrimination assays with oligonucleotides and 102 

probes as described by Van Ert et al. [12].  103 

Each 10 µl reaction contained 1× TaqMan Genotyping Master Mix (Applied Biosystems), 250 nM of 104 

each probe and 600 nM each of forward and reverse primers and approximately 10 ng of template 105 

DNA. For all assays, thermal cycling parameters were 95°C for 10 min, followed by 40 cycles of 106 

95°C for 15 s and 60°C for 1 min. Endpoint fluorescent data were measured on the AB1 7900HT. 107 

The results obtained by CanSNPs were compared to the recognized 12 sub-lineage or sub-groups.  108 

The 14th SNP was detected by High Resolution Melting (HRM) assays for specific A.Br. 011 109 

CanSNP [13,14], using Precision Melt Analysis Software. The position based on the Ames Ancestor 110 

genome (NC_007530.2) is 2552486. Amplification was performed on CFX Connect Real-Time 111 

System (BIORAD) using the Precision Melt Supermix BIORAD. The reaction mixture consisted of 112 

Highlight
This refers to real time PCR: what chemistry was used? hydrolysis? FRET? The reference used refers to conventional PCR and is inappropriate because the primers were designed by Patra and Ramisse et al. in different publications. Were the targets pag? lef? cap? and BA813?

Highlight
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0.2 µM of each primer, 1x Precision Melt Supermix BIORAD in a 20 µl final volume. The following 113 

parameters were used: 2 min at 95°C were followed by 35 cycles consisting of 10 s at 95°C and 30 s 114 

at 60°C. Samples were next heated to 95°C for 30 s, cooled down to 60°C for 1 min and heated from 115 

65°C to 95°C at rate of 0.5°C/s. HRM data were analyzed by Precision Melt Analysis Software. 116 

 117 

31-loci MLVA analysis 118 

To perform a 31-marker MLVA, we used 5' fluorescent-labeled oligos (6-FAM, VIC, NED and 119 

PET) deprotected and desalted, specifically selected for the Variable Number Tandem Repeats 120 

(VNTRs). Twenty-seven VNTRs loci present at the level of the chromosome (vrrA, vrrB1, cg3, 121 

vrrB2, vntr19, vrrC1, vrrC2,vntr32, vntr12, vntr35, vntr23bams03, bams05, bams13, bams15, 122 

bams21, bams22, bams23, bams24, bams25, bams28, bams30, bams31, bams34, bams44, bams51, 123 

bams53) and four at the level of plasmids (vntr16, vntr17, pxO1, pxO2)[12, 15, 16, 17, 18]. MLVA 124 

test consisted in the preparation of two Singleplex and nine Multiplex reactions, in a final volume of 125 

15 μl. Each reaction mixture contained: 1X PCR reaction buffer (Qiagen); 3 mM MgCl2, 0.2mM for 126 

each dNTPs; 1UI Hot Star Plus Taq DNA polymerase (Qiagen) and appropriate concentrations of 127 

each primer (singleplex 1: vrrC1, 0.2 μM; singleplex 2: vrrC2,0.2μM;multiplex 1:vrrA, 0.2 μM; 128 

vrrB1, 0.2μM and CG3, 0.4 μM; multiplex 2: vrrB2, 0.25 μM; pXO2, 0.1 μM; pXO1, 0.3 μM; 129 

multiplex 3: vntr12, 0.25 μM; vntr19,0.2 μM; vntr35, 0.2 μM; multiplex 4: vntr16, 0.25 μM; vntr23, 130 

0.2 μM; multiplex 5: vntr17, 0.1 μM; vntr32, 0.4 μM; multiplex 6: bams03,0.8 μM; bams05, 131 

0.2μM; bams15, 0.5μM and bams44, 0.05 μM; multiplex 7: bams21, 0.4 μM, bams24 and bams25, 132 

0.3 μM, bams34, 0.2μM; multiplex 8: bams13, 0.3 μM, bams28, 0.15μM, bams31and bams53, 0.6  133 

μM; multiplex 9: bams23, 0.2 μM, bams30, 0.6 μM, bams22 and bams51, 0.3 μM; and 2 μl of 134 

DNA.  135 

Underline

Underline

Underline

Underline

Cross-Out

Underline



7 
 

The PCR thermocycling program for two singleplex and Multiplex 1 and 2 was the same: 95°C for 136 

5 minutes; 35 cycles at 94°C for 30 seconds, at 60°C for 30 seconds, and 72°C for 30 seconds. The 137 

final step was at 72°C for 5 min. 138 

The amplification program for another multiplex was the following: 95°C for 5 minutes, 35 cycles 139 

to 94°C for 30 seconds, 54°C for 30 seconds, 72°C for 45 seconds and 72°C for 5 minutes 140 

(multiplex 3); 95°C for 5 minutes, 35 cycles at 94°C for 30 seconds, 56°C for 45 seconds, 72°C for 141 

1 minute, and 72° for 5 minutes (multiplex 4); 95°C for 5 minutes, 35 cycles at 94°C for 30 142 

seconds, 59°C for 45 seconds, 72°C for 1 minute and 72°C for 5 minutes (multiplex 5). 143 

The Multiplex-PCRs from 6 to 9 were carried out with the following profile: 144 

Denaturation at 94°C, 5 min; 35 cycles with denaturation at 94°C, 1 min; annealing at 60°C, 90 sec; 145 

elongation at 72°C, 90 sec; final elongation step at 72°C, 15 min; and cooling at 4°C. 146 

 147 

Automated genotype analysis 148 

The MLVA PCR products were diluted 1:80 and subjected to capillary electrophoresis on ABI Prism 149 

3130 genetic analyzer (Applied Biosystems) with 0.25 μl of GeneScan 1200 and sized by Gene 150 

Mapper 4.0 (Applied Biosystems Inc.). 151 

The assignment of the sizes and the corresponding repeating unit numbers for each locus was carried 152 

out using as reference the strain Ames Ancestor accession NC_007530.2 (Chromosome), 153 

Nc_007322.2 (plasmid pXO1) and NC_007323.2 (plasmid pXO2) and attributing the conventional 154 

values proposed in the updated version of the 2016 Bacillus anthracis MLVAdatabase and available 155 

at MLVAbank http://mlva.u-psud.fr/. 156 

 157 

 158 

 159 

 160 
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Results  161 

Real Time PCR assay   162 

All the analyzed strains resulted PCR positive for chromosomal and plasmids pXO1 (codifying for 163 

toxins) and pXO2 (capsule formation) targets. 164 

 165 

Canonical Single Nucleotide Polimorphisms (CanSNPs) 166 

The analysis of the 13 classical CanSNPs, demonstrated that 231 strains belong to sublineage A.Br. 167 

008/009 or TEA group, that it is established in southern and eastern Europe and represents the 168 

dominant subgroup in Italy, Bulgaria, Hungary and Albania [7, 12, 19, 20, 21]. However, the 169 

analysis of the additional 14th CanSNP (A.Br.011), recently allowed to divide the A.Br. 008/009 170 

group into 2 subgroups and showed that 207 strains belonged to the main sub-lineage A.Br. 011/009 171 

and 24 to the sub-lineage A.Br. 008/011. Twenty-three out of 24 strains belonging to the sub-172 

lineage A.Br. 008/011 were isolated in Sicily and 1 in Umbria. 173 

One strain isolated in Veneto belonged to the main lineage A, sub-lineage A.Br. 005/006, while 174 

other 2 strains, 1 isolated in Veneto and 1 isolated in Trentino, belonged to the main lineage B, sub-175 

lineage B.Br. CNEVA. 176 

 177 

Multiple Locus Variable Number Tandem Repeat with 31 VNTRs 178 

(MLVA) 179 

The MLVA with 31 VNTRs analysis, identified 55 different genotypes distributed in the Italian 180 

regions named from GT-1 to GT-55 (Fig 1). The GT-14 resulted to be the most represented one and 181 

included 34 strains distributed mostly in Basilicata, Apulia and Calabria. To the GT-31 belonged 19 182 

isolates: 16 from Tuscany, 2 from Apulia and 1 from Sardinia. The GT-26 and the GT-27 were 183 

Cross-Out
coding for toxins

Highlight
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isolated just from Basilicata and Campania Regions. Other unique genotypes were characteristic for 184 

single Regions as showed in Table 2. 185 

Fig 1. Geographical distribution of the 55 B. anthracis genotypes circulating in Italy 186 

 187 

Table 2. Distribution of B. anthracis CanSNPs and genotypes circulating in Italy from 1972 to 188 

2018. 189 

Number of isolates Regions CanSNPs sublineage Genotype 

1 Apulia A.Br. 011/009 MLVA31-1 

1 Apulia A.Br. 011/009 MLVA31-2 

1 Apulia A.Br. 011/009 MLVA31-3 

3 Campania A.Br. 011/009 MLVA31-4 

1 Sardinia A.Br. 011/009 MLVA31-5 

3 Sardinia A.Br. 011/009 MLVA31-6 

2 Apulia A.Br. 011/009 MLVA31-7 

1 Umbria A.Br. 008/011 MLVA31-8 

14 Tuscany A.Br. 011/009 MLVA31-9 

3 Sicily A.Br. 011/009 MLVA31-10 

1 Tuscany A.Br. 011/009 MLVA31-11 

3 Sicily A.Br. 011/009 MLVA31-12 

1 Lombardy A.Br. 011/009 MLVA31-13 

34 Basilicata/Apulia/Calabria A.Br. 011/009 MLVA31-14 

1 Apulia A.Br. 011/009 MLVA31-15 

2 Apulia A.Br. 011/009 MLVA31-16 

1 Apulia A.Br. 011/009 MLVA31-17 

1 Basilicata A.Br. 011/009 MLVA31-18 

1 Apulia A.Br. 011/009 MLVA31-19 

1 Apulia A.Br. 011/009 MLVA31-20 

1 Apulia A.Br. 011/009 MLVA31-21 

1 Apulia A.Br. 011/009 MLVA31-22 

1 Apulia A.Br. 011/009 MLVA31-23 

57 Basilicata A.Br. 011/009 MLVA31-24 
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3 Basilicata A.Br. 011/009 MLVA31-25 

3 Campania/Basilicata A.Br. 011/009 MLVA31-26 

9 Campania/Basilicata A.Br. 011/009 MLVA31-27 

5 Basilicata A.Br. 011/009 MLVA31-28 

1 Apulia A.Br. 011/009 MLVA31-29 

1 Sardinia A.Br. 011/009 MLVA31-30 

19 Tuscany/Apulia/Sardinia A.Br. 011/009 MLVA31-31 

1 Apulia A.Br. 011/009 MLVA31-32 

1 Apulia A.Br. 011/009 MLVA31-33 

5 Apulia A.Br. 011/009 MLVA31-34 

6 Apulia A.Br. 011/009 MLVA31-35 

2 Apulia A.Br. 011/009 MLVA31-36 

1 Apulia A.Br. 011/009 MLVA31-37 

1 Lazio A.Br. 011/009 MLVA31-38 

1 Lazio A.Br. 011/009 MLVA31-39 

1 Tuscany A.Br. 011/009 MLVA31-40 

1 Apulia A.Br. 011/009 MLVA31-41 

1 Apulia A.Br. 011/009 MLVA31-42 

1 Campania A.Br. 011/009 MLVA31-43 

1 Abruzzo A.Br. 011/009 MLVA31-44 

2 Lazio A.Br. 011/009 MLVA31-45 

1 Lazio A.Br. 011/009 MLVA31-46 

5 Lazio A.Br. 011/009 MLVA31-47 

3 Sicily A.Br. 008/011 MLVA31-48 

1 Sicily A.Br. 008/011 MLVA31-49 

2 Sicily A.Br. 008/011 MLVA31-50 

9 Sicily A.Br. 008/011 MLVA31-51 

7 Sicily A.Br. 008/011 MLVA31-52 

1 Sicily A.Br. 008/011 MLVA31-53 

1 Veneto A.Br. 005/006 MLVA31-54 

2 Trentino/Veneto B.Br. CNEVA MLVA31-55 

 190 

 191 
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Discussion  192 

B. anthracis is considered one of the bacteria with the highest degree of genetic homogeneity and 193 

this feature makes difficult to discriminate isolates for epidemiological purpose. This characteristic 194 

is motivated by the high survivability of the spores which allow B. anthracis to multiply for a 195 

relatively limited number of times during its evolution [22]. 196 

The 31-loci MLVA analysis performed on 234 B. anthracis strains isolated in Italy, during 197 

outbreaks occurred from 1972 to 2018, highlights that, until today, 55 genotypes result circulating 198 

in Italy. Out of the 55 identified genotypes, 53 belong to a common cluster, and they appear to be 199 

genetically very similar each other, supporting the hypothesis that they could be the result of the 200 

evolution from a common ancestral strain. 201 

This data is also confirmed by CanSNPs analysis that inserts them in the phylogenetic cluster 202 

Trans-Eurasian (TEA). 203 

The analysis of the classical 13 CanSNPs, as a matter of fact, showed that the most of the analyzed 204 

strains (98%) belong to the sublineage A.Br.008/009 (Tran Eurasian or TEA group) which is the 205 

most represented in Europe and Asia [15]. However, except for the genotypes isolated in Umbria 206 

and some others isolated in Sicily belonging to sub-lineage A.Br.008/011, all the others belonged to 207 

the sublineage A.Br.011/009. 208 

Interestingly, the genotype GT-54 isolated in Veneto, resulted to be very different from the 209 

characteristic Italian strains. This data is confirmed by CanSNPs analysis that inserts the GT54 in 210 

Branch A.Br. 005/006, the more diffuse in the central-southern area of Africa, but absent in Europe. 211 

Also the genotype GT-55, isolated in Veneto and Trentino is different from most of the Italian 212 

strains and belonged to B.Br.CNEVA which is widespread in Europe, in particular, in France, 213 

Switzerland and Germany [12, 23, 24]. 214 
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In Italy, the population of B. anthracis is mainly divided into two sublineages A.Br.011/009, 215 

definitely the most common, and A.Br.008/011 present only in Umbria and Sicily, both belonging 216 

to the large family of TEA (Trans-Eurasian) group (Fig 2). 217 

Fig 2. A UPGMA tree was built using MLVA profiles using Bionumerics 7.6 software 218 

(Applied Maths, Belgium). The visualization and the annotation of the phylogenetic tree was 219 

performed using the web-based tool Interactive Tree of Life (iTOL). Around the phylogenetic 220 

tree, are shown, from the external part to the internal part: genotype number, sublineage, 221 

species, year, regions (differently colored) of isolation and identification number of each 222 

analyzed strain. 223 

The Trans-Eurasian group A.Br.008/009 results a B. anthracis subpopulation well adapted to the 224 

Northern hemisphere and  predominant all over Europe, Russia, Kazakhstan, Caucasus and the 225 

western China [12, 25], and that it led to the Western North American sublineage A.Br.WNA, it is 226 

dominant in central part of Canada and much of the western United States. The presence of strains 227 

belonging to the A.Br. 008/011 and A.Br. 011/009 sub-lineages could represent the effect of a 228 

process of genetic evolution of a common ancestral strain at territorial level. In particular, A.Br. 229 

008/011 represents a rare and deep branching sublineage observed also in Bulgaria, France as well 230 

as Turkey [26]. 231 

The spread of the TEA group to Europe and Asia seems to be related to the animal handling along 232 

the ancient east-west commercial routes of the silk road [27]. 233 

Strains belonging to the B.Br.CNEVA lineage are discovered in a relatively small area of the North-234 

Eastern Italy. The relatively low diversity pinpointed between the two strains is consistent with a 235 

single introduction of the B.Br.CNEVA lineage into the country, followed by ecological 236 

establishment and progressive in situ differentiation around the Italian Alps area. Consistent with 237 

this hypothesis, the Italian strains form a distinct cluster with respect to other European B.Br. 238 

CNEVA - affiliated isolates. The presence of one A.Br.005/006 strain in Italy could be related to 239 

trade exchanges dating back to the Maritime Republics period (Middle Ages), when city states 240 
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competed for trade and commerce throughout the Mediterranean [7]. This sub-group is well 241 

represented in Africa, but rare in Europe [12] and could have been imported through contaminated 242 

animal products (e.g. wool, hides, or bone meal) from Africa to Northern Italy. Italy has always 243 

been an important trading center in the Mediterranean Sea but also a land of conquest, where 244 

several invaders have come and gone over thousands of years.  245 

It is therefore quite surprising that past importations of ill or dying animals or spore-infected items 246 

from Africa, the Middle East or even Asia did not impact more the local B. anthracis population 247 

structure. We assume that exotic genotypes might not have found suitable soils to establish 248 

themselves due to the prior presence of strains of the very successful TEA group in geographic 249 

areas favorable for B. anthracis persistence in most part of the country. 250 

The higher variety of genotypes registered in the regions of Southern Italy, can be also explained by 251 

the diversity of breeding systems between Northern and Southern Italy. In Southern Italy there are 252 

still many farms rearing animals in the free range, and while they freely graze it can happen, they 253 

come across some contaminated fields with anthrax spores. These episodes are less common in 254 

Northern Italy, because most of the farms act intensive breeding systems with fixed housing stables.  255 

Another aspect emerging from this study is that just a few genotypes are shared between 256 

neighboring regions. In particular the GT-24 is present both in Apulia, Basilicata and Calabria, the 257 

GT-26 and GT-27 is shared between Basilicata and Campania and the GT-55 between Veneto and 258 

Trentino. Noteworthy and difficult to explain is dislocation of the GT-31 that is shared between 259 

Apulia, Tuscany and Sardinia which are not neighboring regions, on the contrary they are quite far 260 

from each other. 261 

Most of the genotypes are exclusive for each region, so that it seems that Italian B. anthracis strains 262 

are autochthonous for single territory. It’s interesting to notice that especially in Sicily and Sardinia 263 

islands are present genotypes exclusive just for those regions, probably due to the low number of 264 

animal movements between these islands and the rest of Italy. 265 
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Definitively, the analysis of these hypervariable regions with methods such as MLVA, is a valuable 266 

tool for studying the diversity, evolution, and molecular epidemiology of B. anthracis. Moreover, 267 

nowadays this assay represents a valid method to understand the distribution of B. anthracis within 268 

a country. 269 
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